Three potential sites of infection were categorized for each patient: disc, bone, and/or epidural space. Patients could thus be classified as having discitis, osteomyelitis, SEA, or any combination of the 3 categories.
Patient Population
We studied patients at least 18 years old, with at least 1 site of spinal infection diagnosed and surgically treated by a single surgeon (P.P.) at a single institution for the period 2006-2013. All patients who fit these criteria were included in the analysis. Surgical treatment involved instrumented fusion for cases involving deformity, while cases involving SEA alone were typically treated with laminectomy for debridement and decompression.
Data Collection and Outcomes Assessment
All data were collected from electronic medical records. Demographic information such as age at operation, sex, and body mass index (BMI) was collected. Relevant medical history, including prior spinal surgery, osteoarthritis, osteoporosis, hypertension, diabetes mellitus, coronary artery disease, and congestive heart failure, was determined, as documented by preoperative history and physical examination. Immediate preoperative creatinine level was recorded. Operative details such as the number of levels fused and microbiological results were determined from operative notes and consultation notes from the infectious disease department.
Spinal infection was defined as a clinical diagnosis incorporating history and physical examination and required radiological confirmation of osteomyelitis, discitis, or SEA. Our definition did not require microbiological confirmation.
Our primary outcome of interest was the occurrence of spinal deformity prior to surgical intervention. Spinal deformity was defined as a radiological diagnosis confirming changes in the sagittal or coronal plane consistent with kyphosis and subluxation of the vertebral column. When prior spinal imaging was available, significant kyphosis or subluxation was identified by a change from the baseline radiological studies (Fig. 1) . In cases in which prior imaging was unavailable, determination of significant kyphosis or subluxation was made by radiologist and surgeon interpretations of the imaging, showing focal angulation or slippage (Figs. 2 and 3 ). Our secondary outcome of interest involved comparison of preoperative versus postoperative visual analog scale (VAS) scores for spine pain. Visual analog scale scores comprise an ordinal score from 1 (no pain) to 10 (worst imaginable pain). The VAS scores were obtained from patients at their preoperative visit and at their last follow-up visit.
Statistical Analysis
Descriptive statistics were used to characterize the patient cohort. Continuous variables were described using means ± standard deviations, while categorical variables were described as absolute frequencies. To determine factors associated with spinal deformities, we used chi-square or Fisher exact tests as appropriate for categorical variables. Continuous variables were categorized according to clinically meaningful cutoffs, such that a reasonable sample size would exist in each category, then analyzed as categorical variables. For our secondary outcome, we assessed whether VAS scores differed preoperatively versus postoperatively via 2-sample paired Student t-test. All statistical analyses were performed using SAS software (version 9.3, SAS Institute). 
Results

Patient Population
This study included a total of 48 adult patients with a surgically treated spinal infection. Baseline characteristics of our cohort are described in Table 1 . The most common spinal infections were osteomyelitis and discitis (31%); osteomyelitis, discitis, and SEA (27%); SEA only (15%); and osteomyelitis only (13%). Most infections were caused by Staphylococcus aureus (71%).
Overall Risk and Predictors of Deformity
The overall risk of developing a deformity in this cohort was 44% (21/48). Of the 21 patients developing a deformity, 14 involved kyphosis only, 5 involved subluxation only, and 2 involved both kyphosis and subluxation (Table 1) . Table 2 displays our analysis of the association between a variety of factors and developing at least 1 spinal deformity. The only factor found to be significantly associated with deformity was the particular anatomical combination of infection sites (p < 0.001). Demographics, medical history, and other operative details were not significantly associated with deformity.
Because site of infection was associated with deformity, we further analyzed this variable. Table 3 shows the breakdown of type of infection by type of deformity. Then, we determined the association between a given infection and risk for deformity in Table 4 . Having SEA was associated with significantly lower odds of deformity compared with not having SEA (odds ratio 0.2, 95% confidence interval 0.05-0.9; p < 0.001). Neither osteomyelitis compared with no osteomyelitis, nor discitis compared with no discitis was significantly associated with deformity. In addition, subgroup analysis excluding patients with SEA did not show an association between number of levels affected and development of deformity (p = 0.74). 26 ± 20 mean follow-up from surgery to last office visit ± SD (mos)
16 ± 14 * Other category included the following: Enterococcus faecalis (n = 2), Propionibacterium acnes (n = 1), Bacteroides (n = 1), Escherichia coli (n = 1), Blastomyces (n = 1), Streptococcus (n = 1), and Pseudomonas aeruginosa (n = 2).
Pain Outcomes
The mean preoperative VAS score was 4.9 ± 3.4. A mean VAS score of 3.1 ± 2.7 was recorded at the final follow-up visit (after a mean of 16 ± 14 months postoperatively). Patient VAS scores improved significantly on average by a mean of 1.7 ± 2.7 (p < 0.001).
Discussion
Bacterial infections of the spine, including vertebral osteomyelitis, discitis, and epidural abscesses, although relatively infrequent, 3, 13 comprise an important clinical entity with a high risk for death and potentially serious neurological disability. 4, 10, 18 One series identified an 11% risk of death and 31% risk of clinically significant residual neurological deficits such as paralysis, neurogenic bladder, or intractable pain following a spinal infection. 10 Aside from feared neurological deficits, another potential consequence of infection may be bone destruction caused by the infection, resulting in spinal deformity. However, neither the risk of deformity nor risk factors associated with development of deformity has thus far been clearly elucidated in the literature.
Spinal infections may lead to deformity via a number of mechanisms. Spinal infections occur frequently due to hematogenous dissemination, often secondary to bacteremia due to S. aureus. 2, 6 Seeding of the spinal cord often occurs from arterial vasculature to the metaphysis of individual vertebrae, or less frequently by the Batson's plexus or the deep pelvic venous system. 2, 5, 17 This vascular spread of bacterial inoculation or pus can create an increase in intraosseous pressure that impedes blood flow to the vertebrae and intervertebral discs. 8, 15, 16 This process may lead to ischemic necrosis of the vertebral body and disc, compromising structural integrity and causing spinal deformity via vertebral body destruction. In another mechanism, bacterial agents such as S. aureus produce destructive enzymes-most importantly, hyaluronidase- that enhance the bacteria's ability to invade connective tissue, such as the annulus fibrosis. This proteolytic enzyme causes a breakdown of the structural fibers of the annulus fibrosis, leading to biomechanical instability and deformity characterized by prespinous disc extrusion. 7 In this series, 21 (44%) of 48 patients diagnosed with a spinal infection subsequently developed a spinal deformity. The only factor found to be significantly associated with deformity was the anatomical spaces involved. In particular, the presence of SEA was associated with significantly lower odds for deformity than infections in other locations. This observation is somewhat intuitive and pathophysiologically plausible, given that an infection not affecting the bone or disc may be less likely to cause a change in spinal alignment. No other analyzed covariate, including age, BMI, time from initial diagnosis to surgery, and comorbidities, were associated with development of deformity.
Our study contains a number of limitations. First, our sample size may have led to a high Type II error; thus, we did not detect significant predictors that may have been found in a larger cohort. Given the uncommon presentation of infection, series reporting infections often suffer from small sample sizes, but we did include enough patients to detect 1 important significant association between infection type and deformity. Second, as a retrospective study, our analysis may be prone to bias and confounding, but this was an exploratory study and may serve as the basis for future larger series with multivariable adjustment. And third, VAS scores are prone to recall bias and can be influenced by complex factors unrelated to surgery. Nonetheless, they do provide an important patient-centered outcome variable.
Conclusions
Overall, 44% of patients in this cohort developed at least 1 deformity, predominantly kyphosis. The only variable significantly associated with deformity was infection location, and patients with SEA demonstrated lower odds of developing a deformity compared with patients without SEA. Other analyzed variables, including age, BMI, time from initial diagnosis to surgery, and comorbidities, were not found to be associated with development of deformity. Surgical intervention resulted in pain improvement. 
